It has been suggested that human rhythmic motor patterns, such as breathing, chewing and locomotion, are coordinated in part by a collection of neurons located in the spinal cord. Collectively known as central pattern generators (CPGs), these neurons may be influenced by supra-spinal input and afferent sensory feedback in a reflexive manner, thereby modulating motor output (Zehr, 2005) . Alternatively, human motor behavior may be influenced by conscious coordinated actions aimed at minimizing physiological strain during repetitive movement, such as those observed while exercising in conditions of environmental stress (Tatterson, Hahn, Martin, & Febbraio, 2000; Tucker et al., 2007; Tucker, Marle, Lambert, & Noakes, 2006) . Pedaling a bicycle features a constrained movement pattern that contrasts other forms of locomotion (Hansen & Ohnstad, 2008 ), yet freely chosen cadence (FCC) while cycling is suggested to be another human rhythmic movement regulated by CPGs. A prevailing question that remains unclear is how resilient human rhythmic movement is to endogenous afferents and the relative influence of voluntary motor control. It has been suggested that FCC is a robust voluntary motor rhythm that is unaffected by changes in mechanical loading and environmental stress (Hansen & Ohnstad, 2008) ; however, other research suggests that FCC may be modulated by external variables, such as power output (Hansen & Waldeland, 2008) , road gradient (Lucia, Hoyos, & Chicharro, 2001; Millet, Tronche, Fuster, & Candau, 2002; Vogt et al., 2007) , crank inertial load (Hansen, Jorgensen, Jensen, Fregly, & Sjogaard, 2002) , muscle and joint strain (Marsh & Martin, 1998) and cycling duration (Argentin et al., 2006; Lepers, Hausswirth, Maffiuletti, Brisswalter, & van Hoecke, 2000; Vercruyssen, Hausswirth, Smith, & Brisswalter, 2001) .
The role of CPGs in determining FCC has been supported by research examining the effects of external and internal loading on the human body (Argentin et al., 2006; Hansen & Ohnstad, 2008; Hansen, Raastad, & Hallen, 2007; Lepers et al., 2000; Marsh & Martin, 1998; Marsh, Martin, & Sanderson, 2000; Sarre, Lepers, Maffiuletti, Millet, & Martin, 2003; Vercruyssen et al., 2001 ). Both external and internal loading feature distinct mechanisms that may alter FCC during submaximal cycling, such as increased neuromuscular and joint strain during external loading (Leirdal & Ettema, 2009; Marsh & Martin, 1998) , and increased minute ventilation, oxygen uptake and heart rate during internal loading (Wehrlin & Hallen, 2006) . Overall, both modes of increased loading can be associated with greater perceptual strain; however, despite these various mechanisms that may alter this motor behavior, the salient finding from this collective evidence (Hansen & Ohnstad, 2008; Hansen et al., 2007; Marsh & Martin, 1998; Marsh et al., 2000; Sarre et al., 2003) is that FCC remains constant irrespective of changes in PO or oxygen consumption. This observation is critical, given that up-regulating FCC at a higher PO would decrease external loading (i.e., the torque applied to the pedals) and similarly, down-regulating FCC at a higher PO would decrease internal loading (i.e., decrease oxygen uptake). Furthermore, it is widely accepted (Bieuzen, Vercruyssen, Hausswirth, & Brisswalter, 2007; Hansen, Andersen, Nielsen, & Sjogaard, 2002 ) that a conflict exists between FCC and the optimal cadence for metabolic efficiency. It appears that irrespective of internal stress (i.e., change in oxygen consumption), external stress (mechanical loading) or the optimal cadence for metabolic efficiency, FCC remains uninfluenced by multiple sources of afferent feedback and therefore, likely under the primary control of CPGs.
Power output, the variable that is ultimately critical in determining cycling performance, is a function of FCC and torque (TOR). Numerous field studies (Ebert, Martin, Stephens, & Withers, 2006; Vogt et al., 2007) suggest that FCC is dependent on changes in self-selected PO; however, these results have not been supported by laboratory-based studies where PO is controlled by the experimenter (Hansen & Ohnstad, 2008; Marsh & Martin, 1998; Marsh et al., 2000; Sarre et al., 2003) . It has been hypothesized (Hansen & Ohnstad, 2008 ) that the type of resistance, specifically comparing naturally occurring resistance (such as gravity, air friction and rolling friction) to simulated resistance (such as electromagnetic resistance of a cycle ergometer), may influence FCC. What remains to be elucidated is the FCC response when cyclists are free to regulate PO without confounds of a Hawthorne effect; that is, where participants modify their behavior due to the fact that they are being studied rather than the experimental intervention itself. When FCC and PO is self-selected without conscious thought, we can appropriately examine the behavioral regulation of these variables in response to afferent feedback.
The purpose of the current study was to covertly vary thermal loading while cycling at a constant rating of perceived exertion (RPE). Through this, we aimed to: 1) examine the FCC, TOR and therefore PO magnitude response, and 2) examine the synchronicity between changes in self-selected PO to FCC and TOR. Individuals were tasked with cycling at a constant rating of perceived exertion while ambient temperature (T a ) was manipulated in a repeated A-B-A pattern at 20-min intervals, from 20 °C (the A1 manipulation) to 35 °C (the B manipulation), then returning to 20 °C (the A1 manipulation). A thermal loading protocol was used because of its capacity to induce internal loading (Rowell, 1974) and evidence that humans modify their motor behavior to compensate for the resultant strain (Tatterson et al., 2000) . It was hypothesized that changes in self-selected PO caused by the thermal stress during the T a manipulation would cause a synchronous change in TOR magnitude, but not FCC. The rejection of this null hypothesis would indicate that FCC is a motor rhythm under voluntary conscious control that is influenced by endogenous factors, such thermal stress.
Methods

Participants
The experimental protocol and instrumentation conformed to the standards set by the Declaration of Helsinki, and was submitted to and approved by the Research Ethics Board of Brock University. Twenty healthy participants (fifteen male and five female) were recruited from the local cycling club and university community, and provided initial written consent before the experiment. All participants were recreational cyclists, either competing at local races or regularly using their bicycle for transportation. The mean (± SD) age, height, weight, body fat percentage, maximal oxygen uptake and peak power output of all participants was 33.7 ± 14 years, 174.7 ± 10.2 cm, 73.1 ± 13.5 kg, 12.8 ± 6.1%, 56.8 ± 9.3 mL⋅kg -1 ⋅min -1 , and 329 ± 73 W, respectively. Testing was performed during the late fall/winter months (September-January, average daily temperatures ranged from -1-15 °C) to avoid excessive natural heat acclimatization. Though regular training and weekly mileage were relatively low during this time period, the aerobic capacity of the participants still can be considered moderately to highly-fit for this age group given their maximal oxygen uptake values.
Experimental Design
Each participant was required to report to the laboratory on three separate occasions with each session separated by at least 48 hr. Twenty-four hours before each experimental session, participants were asked to refrain from strenuous exercise and the consumption of caffeine or alcohol. The first experimental session consisted of preliminary anthropometric testing. The second session was considered a familiarization session. The third session was the experimental trial, which was conducted in a controlled environmental chamber.
Deception
To ensure ecological validity within the experimental design, participants were deceived as to the true purpose of the experiment. Upon recruitment, participants were informed that the title of the project was "Power output variability while cycling at a constant rating of perceived exertion." Specifically, the participants were told that the overall goal of the experiment was to test their ability to maintain a steady power output without external feedback, and they were tasked with maintaining a constant perception of effort through adjusting the workload of the ergometer if needed. During the experimental trial, participants were positioned in an isolated corner of the chamber to minimize confounds of any cues presented by the investigator during the environmental manipulation. Participants also wore a mask for expired air collection (data not presented) that precluded any verbal communication with the experimenters. Thus, while participants may have deduced the presence of a thermal manipulation occurring, they did not begin the experiment with a preplanned mental template of exercising in the heat, nor did they receive any confirmation during the experiment itself. Previous research (Marino, Lambert, & Noakes, 2004) suggests that preplanned mental templates are developed based on the expected thermal environment, therefore emphasizing the importance of prior knowledge in the development of pacing strategies. Following the completion of data collection, all participants were informed to the presence of deception and the true study title, purpose, and protocol, and were then given the opportunity to provide postconsent, allowing the use of their data in the final analysis. No subjects declined postconsent participation.
Preliminary Testing
Peak aerobic capacity and peak power output were quantified during the initial preliminary testing session. Participants began by completing a 5-min warm-up on an electronically braked cycle ergometer (Lode B.V. 911955, Groningen, Netherlands). Males performed a 5-min warm-up at 100 W, followed by 25 W increments in workload every minute until exhaustion, while females performed a 5-min warm-up at 50 W, with 20 W increments in workload every minute until exhaustion. A plateau in oxygen consumption was observed in 18/20 subjects. In the remaining two subjects, peak aerobic capacity was defined as the maximum 15-s average of oxygen consumption (in mL ⋅ kg -1 ⋅ min -1 ) achieved during the test. Peak power output was defined as the highest level of power output achieved during the last one-minute interval. Body fat percentage was measured using the skin fold measurement technique and calculated using the 7-site Jackson and Pollock equation (Jackson & Pollock, 1978; Jackson, Pollock, & Ward, 1980) . Following the initial anthropometric testing session, participants reported to the laboratory for the familiarization session in which they completed a cycling protocol that was identical to that employed in the experimental session but without any thermal manipulation. In addition to the benefits of becoming accustomed to the experimental procedures, anecdotal evidence suggests that previous experience is necessary to ride at a constant RPE without significant fluctuations in power output.
Experimental Protocol
All experimental trials were conducted in a controlled environmental chamber (Can-Trol Environmental Systems, Markham, Ontario) capable of controlling ambient temperature and relative humidity across a range of -30 to +50 °C and 20-90%, respectively. During the experimental session, T a was manipulated at 20-min intervals in an A-B-A fashion from 20 °C (the A1 manipulation) to 35 °C (the B manipulation), then returning to 20 °C (the A2 manipulation), while relative humidity was maintained at 40% (although it briefly fluctuated between 40-60% while T a changed). T a was manipulated using the thermostat control, located on the outside of the environmental chamber and therefore, hidden from the participant. The transition from 20 °C to 35 °C occurred at a rate of 1.1 °C⋅min -1 , while the transition from 35 °C to 20 °C was 5.0 °C⋅min -1 .
During the 60-min trial, participants cycled at a constant RPE of 14, which corresponds to an intensity between "somewhat hard" and "hard" on the 6-20 Borg scale (Borg, 1982) . Before each trial, participants were carefully instructed on how to rate their perceived exertion using the scale. RPE was defined as an equal combination of central (dyspnea and tachycardia) and local (active musculature) fatigue (Ekblom & Goldbarg, 1971) . RPE training was conducted based on a scripted set of instructions to ensure consistency among participants. The perceived exercise intensity used during the present experimental protocol was specifically selected so that, when coupled with the stress of the environmental conditions, would cause sufficient strain to elicit voluntary pacing strategies and yet not be stressful enough to cause volitional fatigue before the completion of the 60-min protocol. Extensive pilot testing was conducted and an RPE of 14 on a 6-20 scale (between "somewhat hard" and "hard") was selected based on the above criteria. A similar "RPE clamp" protocol has been used previously (Tucker et al., 2006) and the results illustrated that riding at a higher level of perceived exertion (such as 16 on the Borg scale) caused continued decrease in power output and volitional fatigue in less than 60-min in 15, 25, and 35 °C T a .
Instrumentation
Height (cm) and weight (kg) were measured before each session using standard laboratory equipment, while euhydration, defined as a urine specific gravity of 1.02 or lower, was assessed using a refractometer (Atago, PAL-10S, USA). Throughout each trial, rectal temperature was measured using a thin and flexible core temperature thermistor (Mon-A-Therm Core, Mallinkrodt Medical, St Louis, MO), inserted 15 cm beyond the anal sphincter. Skin temperature was measured using 7 thermistors (Concept Engineering, Old Saybrook, Connecticut) placed on the forehead, abdomen, forearm, hand, quadriceps, shin and foot surfaces, while mean skin temperature was calculated using a weighted average as described by Hardy and DuBois (Hardy & Du Bois, 1938) . Heart rate was measured throughout each trial using a telemetric heart rate monitor (RS800CX, Polar Electro, Kempele, Finland).
During the experimental trial, participants exercised on a cycle ergometer (Pro 300PT, Saris Cycling Group, Madison, Wisconsin) that featured an open mode of exercise, allowing free control of cadence and resistance and therefore, power output. FCC, TOR and PO were sampled at 1 Hz using an on-board cycle computer, with the main display shielded from both the subject and the experimenter to remove feedback and experimenter bias.
Statistical Analysis
Preliminary statistical analyses examined the thermal loading response during the "B" manipulation when compared with the "A1" and "A2" manipulations. Specifically, a one-way repeated-measures ANOVA was conducted to examine the mean heart rate, rectal temperature and mean skin temperature response throughout each A-B-A manipulation of T a . Subsequently, statistical analyses of PO, FCC and TOR across the thermal conditions focused on two components. Firstly, mean PO, TOR and FCC was calculated for each participant during each T a manipulation (A1, B and A2, respectively) and separate one-way repeated-measures ANOVAs were conducted to examine the magnitude response for each variable throughout the experimental trial. Mauchly's Test of Sphericity was conducted to test the assumption of equal variance across manipulations, and if violated, significance was examined using a Greenhouse-Geisser adjustment. Post hoc tests using a Bonferroni correction were conducted when a significant main-effect was observed. All statistical analyses were conducted using SPSS 17.0 (SPSS Inc., Chicago, Illinois). Statistical significance was set at p < .05.
Given that ANOVA specifically examines only the magnitude response, the second phase used two separate Auto-Regressive Integrated Moving Average (ARIMA) analyses to examine the temporal synchronicity between PO (the dependent variable) and either FCC or TOR (the independent variables) over the 60-min trial. ARIMA is unique in that it specifically examines the temporal correlation associated with changes in time series variables; however, it is not influenced by the magnitude of the change. ARIMA combines three statistical processes, autoregression, integration/differencing, and moving averages, to mathematically describe the association in a disturbance in one time series (in this case, FCC or TOR) and the possible associated perturbation in a second time series (PO), and has been previously used to correlate change in multiple physiological variables to each other (Flouris & Cheung, 2010; and to voluntary behavior over time (Flouris & Cheung, 2009 ). Specific details pertaining to the ARIMA analyses are as follows. Using specific model building procedures, an appropriate ARIMA [a,d,q] model can be specified based on the calculated autoregression (a), differencing (d) and moving averages (q) integers. Given the stringent nature of an ARIMA analysis, data must be collected in time series with adequate resolution to construct a viable model. In our case, this entailed PO, FCC, and TOR being collected at one-second intervals, and then analyzed as 15-s averages. To analyze potential synchronicity between PO (the dependent variable) and FCC or TOR (the independent variables), ARIMA models were constructed based on the combined time series data from all participants. Unlike typical statistical analyses where significance is determined as a function of the mean value and the standard deviation, ARIMA examines the combined time series data (one after another) from all participants. The overall integrity of the ARIMA model was determined using the Ljung-Box test in which a probability level of p > .05 implies that the model is correctly specified while a probability level of p < .05 suggests that there is structure in the observed series which is not accounted for by the model. The correlation between the dependent variable and any of the independent variables was quantified by the stationary r 2 value (given the stationary nature of the data) while significant models were accepted at p > .05.
Results
Thermal loading during the experimental trial was achieved by manipulating T a in a deliberate and repeatable pattern from 20 °C to 35 °C, then returning to 20 °C (Table 1) . Heart rate and mean skin temperature were significantly elevated during the 35 °C "B" condition when compared with the two 20 °C "A" conditions. The progressive increase in rectal temperature occurred throughout the trial, with significant increases observed during each successive manipulation. The combined evidence of an elevated heart rate and mean skin temperature during the "B" condition compared with both "A" conditions, and the progressive increase in rectal temperature suggests that the T a manipulation successfully altered thermal afferent load into three distinct 20-min segments during the trial.
Separate one-way repeated-measures ANOVAs were conducted to examine any changes in mean power output, torque and cadence magnitude throughout the ambient temperature manipulation (Table 1) . A significant decrease in mean power output was observed during the "A2" manipulation when compared with both the "A1" and "B" manipulations. The reduction in power output appeared to coincide with a reduction in torque, illustrating a significant decrease during both the "B" and "A2" manipulations when compared with the "A1" manipulation. Furthermore, one-way repeated-measures ANOVA analysis indicates that mean cadence did not change significantly (p = .51), despite the thermal manipulations and resultant internal loading (92 ± 10, 91 ± 11 and 92 ± 10 rpm for the A1, B and A2 manipulations, respectively).
The resultant response of power output, torque and cadence during the experimental session for one subject selected at random is displayed in Figure 1 , with similar patterns consistently seen in both sexes and across all 20 participants. Individual data are presented to accurately illustrate the nature of the ARIMA analyses (specifically, the combined sequential analysis of individual time series data rather than an analysis of mean data), whereas a graphical representation of the mean data would visually "wash out" any relationships between the time series variables. Thermal loading resulting from increased T a (during the "B" manipulation) caused a decrease in power output observed during the "A2" manipulation. ARIMA analysis (Table 2) suggests that this perturbation in PO was highly correlated to changes in torque but was only moderately correlated to changes in cadence. 37.7 ± 0.5 α 38.1 ± 0.5* 38.4 ± 0.5 † All data presented as mean ± SD during each condition. n = 20. * represents p < 0.01 during "B" compared with "A1" and "A2"; † represents p < 0.01 during "A2" compared with "A1" and "B"; ‡ represents p < 0.05 during "B" compared with "A1" and "A2"; α represents p < 0.01 during "A1" compared with "B" and "A2".
Figure 1 -Individual time series data from one subject (age 26, height 186.2 cm, weight 81.7 kg, body fat 7.3%, peak aerobic capacity 63.5 mL ⋅ kg -1 ⋅ min -1 and peak power output 425 W) selected at random for power output (PO), cadence (FCC) and torque (TOR) during the A-B-A manipulation of ambient temperature. Overall patterns and synchronicity were consistent in all subjects. 
Discussion
The primary finding of this study was that, during thermal stress, changes in PO were highly correlated with changes in TOR, while only moderate correlations were observed with FCC. It has been proposed that FCC is a rhythmic human movement that is under the direct influence of CPGs. Supporting this hypothesis is the observation that FCC does not change despite its capability to modulate metabolic loading (Hansen & Ohnstad, 2008) . A relationship between cycling cadence and metabolic loading exists, where a lower cadence during submaximal cycling lowers the rate of oxygen uptake (Takaishi, Yamamoto, Ono, Ito, & Moritani, 1998) . The covert A-B-A manipulation of ambient temperature successfully induced thermal loading, as observed through changes in heart rate, mean skin temperature and rectal temperature. When ambient temperature increased during the "B" manipulation, peripheral vasodilation occurs to increase heat loss from the skin to the environment (Rowell, 1974) . Consequently, the increase in cardiac output is achieved by a rise in heart rate and therefore, is indicative of thermal loading. During the T a manipulation to 35°C, participants could have voluntarily selected a lower cadence at a given PO, thereby decreasing the rate of oxygen uptake and consequent metabolic heat production. This in turn would attenuate peripheral vasodilation response during heat stress (Rowell, 1974) and thermal loading during the trial. Instead, participants chose to down-regulate the force applied to each pedal stroke (TOR) and concomitantly PO, to maintain a constant RPE. This finding is consistent with previous research suggesting that FCC is robust in nature and highly resistant to internal loading and would suggest that human rhythmic movements, such as FCC, are indeed regulated by the intrinsic mechanisms of the central nervous system and likely, CPGs. The structure of the neural network, now collectively known as CPGs, was first outlined in a series of experiments (Brown, 1911 ) that isolated oscillating "halfcenters" located in the lumbar spinal cord. Each half-center is believed to activate either the flexor or extensor muscles for a multijoint movement, and in conjunction (the sum of the two halves), the complete neural network will produce the rhythmical motor pattern required for locomotion. Furthermore, it is believed that activation of the flexor half-center is responsible for inhibiting the extensor halfcenter (and vice versa), therefore creating a self-regulating pattern of contraction and relaxation that is characteristic of CPGs (Zehr, 2005) . Research (Dietz, 2002; Sakamoto et al., 2007) suggests that this coordinated pattern exists in all four limbs during activities of locomotion (i.e., walking, crawling and swimming motions), a hypothesis known as the common core for control of rhythmic movement (Zehr, 2005) . Supraspinal regulation of CPGs occurs via efferent output from the cerebellum and basal ganglia-brainstem mechanism acting on the mesencephalic locomotor region (Takakusaki, Habaguchi, Ohtinata-Sugimoto, Saitoh, & Sakamoto, 2003; Whelan, 1996) . Proprioceptive afferents originating from Ia sensory fibers and joint mechanoreceptors are processed in the cerebellum and basal ganglia, and then subsequent extensor tone is initiated in the mescencephalic locomotor region (Whelan, 1996) . Therefore, it is tenable that changes in power output (Hansen & Waldeland, 2008) , road gradient (Lucia et al., 2001; Millet et al., 2002; Vogt et al., 2007) , crank inertial load (Hansen, Jorgensen, et al., 2002) and muscle and joint strain (Marsh & Martin, 1998) modulate FCC because of altered proprioceptive feedback, whereas FCC remains constant in conditions of thermal loading where there is no influence of proprioception.
Results from the current study conflict with previous findings that demonstrate a relationship between FCC and PO (Ebert et al., 2006; Hansen & Waldeland, 2008; Vogt et al., 2007) , which suggests that FCC is not a robust voluntary motor rhythm, but rather that it is dependent on PO selection. While cycling on a treadmill, FCC has been shown to increase by 6 rpm with a 100 W increase in PO (Hansen et al., 2007) and similarly, a FCC increase of 10 and 14 rpm coincides with a 74 and 300 W increase in PO, respectively while road cycling (Vogt et al., 2008) . It has been suggested (Hansen & Ohnstad, 2008) that the type of resistance, specifically naturally occurring resistance (such as gravity, air friction and rolling friction) compared with simulated resistance (such as electromagnetic resistance of a cycle ergometer), may account for the different FCC responses. To address this issue, the current study employed a "RPE clamp" design in which participants were required to cycle at a constant RPE, rather than at a constant PO. By "clamping" RPE, psychophysiological strain was standardized across all participants while still allowing for self-selected PO, as the choice of ergometer permitted an open-loop control of both resistance and cadence. Therefore, the current study is unique in that 1) it examines the FCC response while PO is allowed to fluctuate and 2) the FCC response while cycling is with a more natural form of resistance (self-selected "friction" resistance) when compared with the simulated resistance of an electromagnetically braked bike with predetermined power output. The present study reports a stable FCC throughout the trial, despite PO fluctuations caused by the T a manipulation (Figure 1 ) and therefore suggests that other variables, such as RPE, may dictate FCC while cycling at a nonfixed PO.
Unique to this study is the use of an A-B-A manipulation, in which the effect of a stimulus insertion (in this case, increased T a during the B manipulation) followed by the removal of the stimulus (during the "A2" manipulation) was examined, as the inferential power of examining the insertion and removal of a treatment variable is much greater when compared with examining only the treatment variable itself (Barlow & Hersen, 1984) . This manipulation protocol was successful in eliciting self-selected fluctuations in power output over the course of the experiment (Table  1) . Typically, the cause and effect relationships between voluntary motor behavior and physiological status are statistically determined using repeated-measures ANOVA (Hansen & Ohnstad, 2008) , which examines the mean response of a variable at a few time intervals. Although the ANOVA methodology indicated that the mean difference in FCC during each manipulation is not significantly different, it does not evaluate correlation across time between two variables (in this case, FCC and PO or TOR and PO), and therefore, accurate cause and effect relationships cannot be determined. Therefore, to supplement the analysis of average power over the A-B-A segments, ARIMA was employed to examine the temporal correlation of PO and TOR or PO and FCC throughout the 60-min trials. ARIMA has been successfully used to examine the real-time correlation between multiple physiological responses over time, such as heat storage to finger blood flow (Flouris & Cheung, 2010; , and also the correlation between thermal afferents and voluntary thermal behavior (Flouris & Cheung, 2009 ). In addition, the deception employed in the study eliminates confounds of a Hawthorne effect, thereby examining the neurophysiological control of FCC rather than any preplanned regulation based on prior knowledge of the study design.
Although the current study utilizes novel methodologies to address the research question, several inherent design limitations may limit the extrapolation of these results to other situations. A prevailing question that remains unanswered is the possibility of daily variability in FCC selection and stability during submaximal cycling. A test-retest experimental design assessing this issue may provide some insight into the reliability of FCC; however, deception of a T a manipulation-a crucial design consideration of the current study-during subsequent experimental session(s) would be compromised by the initial experimental trial. A research design inducing more significant thermal loading, either by increasing the magnitude of thermal stress or the RPE requirement during the A-B-A manipulation, may provoke a different FCC response then what was observed during the current study. Although intriguing, previous research (Tucker et al., 2006) suggests that cycling at a RPE of 16 in similar ambient conditions causes well-trained cyclists to fatigue in less than 60 min, such that a higher RPE would have caused premature fatigue and prevented the examination of FCC during prolonged submaximal cycling. Modifications of the A-B-A protocol, either by including an additional 35 °C "B" manipulation (creating an A-B-A-B manipulation) or reversing the manipulation order (creating a B-A-B manipulation) could examine the possibility of an order effect and the repeatability of the FCC response. However an a priori decision was made to use an A-B-A protocol with a single "B" manipulation so that the participants did not prepare a preconceived performance template of effort based on anticipated heat stress.
Given the highly complex nature of FCC selection, future studies should examine other factors that may modify the FCC response during thermal loading. For example, evidence suggests that athletes who regularly engage in repeated movement patterns (for example, the cyclical pattern of pedaling or running) have developed a neural network that promotes the organization of repetitive movements (Taga, Yamaguchi, & Shimizu, 1991) and therefore, may contribute to a more robust FCC response during thermal loading. Similarly, the sex differences observed in gross efficiency of trained cyclists (Hopker, Jobson, Carter, & Passfield, 2010) , a variable that is shown to influence FCC (Leirdal & Ettema, 2011) , may be an additional factor that modulates this voluntary rhythmic movement. Future studies should also consider additional investigational techniques, such as noninvasive hemodynamic monitoring and electromyography, to examine additional afferents that may modulate CPGs and contribute to changes in FCC during submaximal cycling.
In conclusion, the results from the current study suggest that, while cycling at a self-selected power output and constant RPE, changes in PO caused by thermal stress are highly correlated with changes in TOR, whereas FCC is relatively constant throughout the trial. These results are consistent with previous findings (Hansen & Ohnstad, 2008) and support the disassociation between thermal afferent feedback and FCC. A conscious, voluntary decrease in FCC would have decreased the metabolic demand and thus further internal heat production during thermal loading; however, the present results suggest that FCC is not a behaviorally mediated motor rhythm. Novel to the current study is the use of a nonfixed PO protocol, where participant were free to vary PO via TOR and FCC. Collectively, these results suggest that irrespective of thermal loading, FCC remains constant and is presumably regulated by CPGs.
